is needed on effective strategies for disclosure in resourcelimited settings. 10, 11 Reported full disclosure to the child in South Africa ranges between 7.9% and 9.0%. 12, 13, 14 The South African National Department of Health has committed to prioritise support and guide primary caregivers and healthcare providers for disclosure. This approach intends to ensure the physical, emotional, cognitive and social well-being of the child. 8 A literature review including 17 studies in low-middle-income countries reported a mean age for disclosure as 9.6 years (8.1-15.0), and that 20.4% of children (3.2% -69.2%) knew their status. 15 National guidelines recommend all children from age 3 years to be prepared for disclosure. Disclosure is the first step for children transitioning into adolescents and young adults who successfully manage their own HIV care. 16 To support the implementation of disclosure guidelines, we assessed the prevalence of disclosure of children's HIV status to them. In addition, to better understand disclosure, we explored the association between disclosure and child, caregiver, clinical and socio-economic characteristics.
Methods
This cross-sectional study is a sub-analysis of data published elsewhere, which focused on ART adherence in a population of active paediatric patients aged 2-14 years who were on treatment at TC Newman Clinic -a semi-urban ART clinic in the Western Cape, South Africa -and their caregivers. 4 For this sub-analysis, we included all children aged 3-14 years who were on treatment between September 2012 and September 2013. The age group was based on national disclosure guidelines. 9 Children and their caregivers who did not meet these inclusion criteria were excluded from the study. For this study, we assessed prevalence of disclosure and explored all possible characteristics associated with disclosure. Structured questionnaires were administered in interviews while patients were waiting to see the doctor and supplemented with medical record data.
Definition of disclosure
Paediatric disclosure can refer to disclosure of the child's HIV status to the child, caregivers' HIV status to children or children's disclosure of their own HIV status to others. This study focused on disclosure of the child's HIV status to the child. Based on caregiver interview, healthcare provider report and medical files, we categorised disclosure status into nondisclosure (the child is unaware of his or her condition and its effect on the body), partial disclosure (the child is aware of his or her condition without naming HIV) and full disclosure (the child is made aware of his or her condition which is named as HIV). 9 When referred to disclosure, we consider both partial and full disclosure unless otherwise specified.
Measurements
To provide a comprehensive analysis of predictor variables (child, caregiver, clinical and socio-economic characteristics) and their association with disclosure, we included general demographic information, supplemented with questionnaires. The validated PedsQL TM questionnaires measured health-related quality of life (HRQoL) combining caregiver proxy-report and child self-report (all children ≥ 5 years), and the impact of paediatric chronic health conditions on family and caregivers (family impact). 17, 18, 19 Socioeconomic status was calculated using 21 questions from the Census 2011. 20 A higher score (%) indicated better HRQoL, overall family functioning and SES. A combination of adherence monitoring measures was included. Pill count was calculated using the number of pills taken or the volume for liquid formulations (dispensed minus returned) as a percentage of medication prescribed. Adherence was defined as 95% -105% (a score > 100% could be explained by ingestion of more pills than prescribed and lost pills). Self-reported adherence for the last 3 days was recorded with the validated paediatric AIDS clinical trials group (PACTG) adherence modules. 21 Adherence was defined as no missed dosages in the last 3 days for self-report. Treatment success was defined by a suppressed viral load (< 50 copies/mL), and immune response defined by CD4 count (> 5 00 cells/mm 3 ). This information was retrieved from medical records (6 months before or 3 months after inclusion). Regimen specifications were retrieved from medical records and questionnaires (formulation, prescription, treatment start, progress, complications, difficulties administering medication, side effects).
Statistical analyses
All analyses were done using IBM SPSS statistics version 25. To describe the association between possible predictor variables and disclosure, univariate logistic regression analyses were conducted presenting odds ratio (OR) and 95% confidence interval (CI) unless otherwise specified. Multivariate analyses are presented when confounding or effect modification was identified for child's age or caregiver education. Fisher's exact p-value was presented for cell size below 5. Significance was measured at p ≤ 0.05.
To describe the relation between multiple possible predictor variables and disclosure, we present a prediction model which was constructed using the forward selection procedure. This method considered all predictors of disclosure by adding the predictor with the lowest p-value under 0.05 to the crude model, which was repeated until no additional predictor had a p-value < 0.05. The overall percentage correct classified cases and Hosmer and Lemeshow chi-square test with p-value for goodness of fit are presented for each model (good fit is indicated by p-value > 0.05).
Ethical considerations
Stellenbosch University's human research ethics committee approved this study (N11/11/329). In addition, hospital management approved the study in accordance with Provincial Research Policy (40/2009). Written informed consent was obtained from all caregivers and assent from children older than 7 with normal cognitive functioning.
Results
At the start of the study, 238 active paediatric patients on ART aged 2-14 years attended the clinic. One caregiver refused to participate and 42 patients were missed because caregivers did not visit on the appointment date. With 5 children younger than 3 years of age, this sub-analysis included 190 children. For five households with two children in the study, only the child enrolled first was considered for SES analyses (n = 185).
Disclosure of human immunodeficiency virus status to the child
Most of the children (145 of 190, 76.3%) had not received disclosure about their HIV status, 28 children (14.7%) had received partial disclosure and 17 children (8.9%) had full disclosure. None of the children in early childhood (3-5 years) received disclosure (n = 49), 11 of 89 children (12.8%) aged 6-9 years and 34 of 52 (65.4%) young adolescents aged 10-14 years received disclosure. The youngest child disclosed to about their HIV status was 6.6 years and the oldest child who was not disclosed was 12.2 years.
Child characteristics
Child characteristics associated with disclosure were age and HRQoL. The children were aged 3.2-12.9 years, the majority (74.2%) were of school going age (6 years and older) and 27.4% were young adolescents (10-14 years). Older children (young adolescents) were significantly more likely to be disclosed compared to younger children (under 10 years) (odds ratio [OR] 21.81; 9.41-50.52). Mean selfreported HRQoL index was 91.5%. Children who rated their HRQoL highly were less likely to have received disclosure compared to children who had low HRQoL (OR 0.29; 0.09-0.91). This association attenuated in multivariate analyses (OR 0.58; 0.15-2.30). We did not find significant associations between disclosure and sex of the child, overall HRQoL or school functioning (caregiver proxy-report or self-report) ( Table 1) .
Caregiver characteristics
Caregiver characteristics associated with disclosure were sex, education and HRQoL. The minority of caregivers were males (7.9%). Young children (under 10 years) of male caregivers were more likely to have received disclosure compared to young children of female caregivers (OR 5.58; 1. 24-25.19 
Clinical characteristics
Clinical characteristics associated with disclosure included suppressed viral load, formulation (tablet/syrup), nonnucleoside reverse transcriptase inhibitors (NNRTI) in regimen, protease inhibitor (PI) in regimen with stavudine and didanosine, regimens with efavirenz, longer duration on treatment, start of treatment in the first year of life, experiencing difficulties administering treatment and poor adherence to treatment. One-third (32.8%) of children had a detectable viral load and had less likely received disclosure compared to those with a suppressed viral load (multivariate OR 0.21; 0.05-0.84). Most children were on a regimen with a combination of three medicines (86.3%), consisting of tablets only (62.2%). Children whose regimen included syrups (syrups only or combined with tablets) had less likely received disclosure compared to children who were on tablets only (multivariate OR 0.28; 0.08-0.92).
Children on a regimen including an NNRTI (35.3%) more likely received disclosure compared to children on a regimen with no NNRTIs (OR 2.71; 1.37-5.38). This association attenuated in multivariate analyses (OR 1.84; 0.78-4.31). Children on a PI-based regimen with stavudine and didanosine (16.8%) less likely received disclosure compared to children who were on a non-PI-based regimen (multivariate OR 0.19; 0.03-1.00). Children on a regimen including efavirenz more likely received disclosure than those with no efavirenz (OR 2.90; 1.46-5.77). This association attenuated in multivariate analyses (OR 1.91; 0.81-4.48). Children on a regimen of lopinavir/ritonavir syrup (79.5%) less likely received disclosure (OR 0.14; 0.03-0.59). This association attenuated in multivariate analyses (OR 0.54; 0.11-2.62). Children were on treatment for 1 month to 9.8 years (mean 5.2 years). Children with a longer treatment duration more likely received disclosure compared to those more recently initiating treatment (OR3.02; 1. 19-7.63 ). This association attenuated in multivariate analyses (OR 1.21; 0.38-3.91). Children who started their treatment in the first year of their life (30.5%) less likely received disclosure than those commencing treatment later in life (OR 0.12; 0.04-0.40). This association 
Child characteristics
Total Disclosure Children who were non-adherent to their treatment had less likely received disclosure than those who were adherent (self-report Fisher's exact p-value 0.008). We did not find any significant associations between disclosure and WHO clinical staging, CD4 count, complications reported (e.g. running out of medication, flavour, forgetting, multiple caregivers, illness, depression and being away from home), side effects (e.g. fever, rash, sleep disturbance and pain), default on treatment in the past and subsequently restarted, number of medicines in regimen or adherence defined by pill count (95% -105%) ( Table 3) .
Odds Ratio

95% CI p
Age (N = 190)
Mean (s.d.) 8.1 (2.6) - - 7.3 (2.3) - - 10.7 (1.4) - - - - - Median (IQR) 8.5 (5.8-10.2) - - 7.3 (5.2-9.0) - - 10.8 (9.9-11.8) - - - - - Age (N = 190)
Socio-economic characteristics
Socio-economic characteristics associated with disclosure included family functioning, affected daily activities and waterborne sanitation. Overall family impact index was 90.4% (mean). Children with a high overall family impact scale (good family functioning) had more likely received disclosure than those from a household with low family impact index (OR 4.18; 1.54-11.32). This association attenuated in multivariate analyses (OR 0.80; 0.22-3.00).
The mean score for daily activity index (component of family functioning) was 91.5% and included the extent of activities taking more time and effort, difficulty finding time and energy to finish household tasks or affected daily activities. Children from families with a higher family activity index had less likely received disclosure compared to children from families with a low family activity index (activities affected) (OR 0.21; 0.04-1.000). This association attenuated in multivariate analyses (OR 0.81; 0.30-2.17). The overall mean SES index was 52.0%. The study population had significantly more often waterborne sanitation (73.7%, p < 0.001), owned a TV (89.4%, p < 0.001), fridge (79.9%, p = 0.001) or cell phone (95.2%, p = 0.003) than the general South African population. However, the study population lived with significantly more people in one household (mean 5.2, p < 0.001), more people lived in informal dwellings (39.5%, p < 0.001) and were less likely to own a computer (11.5%, p = 0.001), landline phone (7.1%, p = 0.004) or car (15.3%, p < 0.001) compared to the general South African population (Table  4) . Children from households with waterborne sanitation had more likely received disclosure than those from households with no toilet facilities connected to sewage (OR 2.87; 1.13-7.29). This association attenuated in multivariate analyses (OR 1.76; 0.58-5.35). We did not find any significant associations between disclosure and overall SES index (Table 5) . Figure 1 provides an overview of the proportion who received children disclosure within the categories of all predictors identified in multivariate analyses and the prediction model. 
Discussion
Only 17 children (8.9%) in this cohort of 3-14-year-olds received full disclosure. In multivariate analyses, we found that increased age of the child and higher education of the caregiver were strongly associated with disclosure of HIV status to the child. In addition, sex of the caregiver, detectable viral load, syrup formulation, PI regimens with stavudine and didanosine, and self-reported non-adherence were strongly associated with non-disclosure. The prediction model identified age of the child, caregiver's marital status, viral load, regimen and non-adherence defined by pill count (95% -105%) as predictors of disclosure.
Similar to other studies, we found older age of the child to be strongly associated with increased probability of disclosure of the HIV status to the child. 14, 22, 23 Literature does not specifically associate better HRQoL of the child with nondisclosure; however, health-related factors and a child's family situation are reported as predictors of disclosure. 10 Male caregiver, level of education and HRQoL were associated with disclosure. While some studies have described not having a biological father as a predictor of disclosure, 24, 25 we found that children had more likely received disclosure when their main caregiver was their father. Both the events of the demise of one's father and the absence of the mother in the household indicate major life events that are possibly related to HIV. This could explain the association between caregiver's gender and disclosure, as disclosure is more likely to happen when the caregivers themselves are HIV-positive. 26 While some studies have confirmed our finding that caregivers with higher education are more likely to disclose the child's HIV status to their child, 27 other studies have not. 14 Caregivers feeling worried and unprepared for the process of disclosure and answering questions prevent actual disclosure. 22, 28 The association we found between educational level and disclosure might be explained by better educated caregivers feeling more equipped to start this process. Our finding that caregivers with better HRQoL are a predictor of non-disclosure is not reported in other literature, although the child's family situation and caregiver disclosure-related anxiety are described to affect disclosure. 28 We found a strong association between detectable viral load and non-disclosure. A detectable viral load is an indicator of failure of treatment. 29 Conversely, addressing disclosure could positively affect adherence and viral suppression. 6, 23 Non-adherence was associated with non-disclosure. Most likely, this association was reversed where non-disclosure contributed to difficulties remaining adherent. 4 Similarly, caregivers experiencing difficulties administering medication had less likely disclosed the child's HIV status. Nondisclosure may have contributed to difficulties administering medication. We did not find an association between CD4 count and disclosure. Some literature described that children with a CD4 percentage over 15% are more likely to receive disclosure, 24 where others did not confirm this association for CD4 percentage or CD4 count.
14 Children on regimens including syrups were less likely to receive disclosure. Although young children were generally on syrup 
Predictors of paediatric disclosure
Percentage (%) disclosed by predictor variable. †, presented for children under 10 years; PI, protease inhibitor; D4T, stavudine; DD1, didanosine. formulations, the association remained when corrected for age. Possibly an easier routine with syrups does not require the need to disclose. Children on PI-based regimens with stavudine and didanosine had less likely received disclosure. Current guidelines recommend replacing stavudine and didanosine with abacavir 29 and will therefore not be part of future regimens. Multiple clinical characteristics associated with disclosure in univariate analyses attenuated in multivariate analyses, explained by the child's age (lopinavir/ ritonavir syrup, NNRTI-based regimens, efavirenz regimens, duration on treatment and starting treatment in the first year of life). Children on lopinavir/ritonavir syrup were less likely disclosed. This could be explained by the regimen generally being given to young children and being changed to tablet form for older children. Although the general experience of side effects did not affect disclosure, side effects affecting the central nervous system, unusual dreams and trouble sleeping (efavirenz) and severe rash (nevirapine) 29 likely contributed to the decision of caretakers to disclose the HIV status to children on regimens including NNRTIs. Children who were on treatment for longer duration had more likely received disclosure. Guidelines in South Africa regard all HIV-positive children eligible to initiate ART irrespective of CD4 count or clinical staging. 29 Older children, who are more likely on treatment for longer duration, more often receive disclosure, 10 potentially explaining why the association attenuated in multivariate analysis. Other studies have confirmed the association we find between longer time on ART and disclosure. 25 Children who started treatment in the first year of life, however, less likely received disclosure. Disclosure did not seem as urgent for caregivers when the same routine with their child could be maintained from birth and no failure of treatment occurred.
Socio-economic characteristics associated with disclosure included family functioning, affected daily activities and waterborne sanitation. Although some studies have described an association with disclosure and the child's family situation, 10, 14 no specific measures for family functioning or activities were reported in the literature. Indicators of SES including financial problems 24 and the child being hungry 14 are reported in the literature as a predictor of disclosure. Although we did not find an association between SES index and disclosure, despite a large number of people living in informal settlements, we found that children from households with access to waterborne sanitation had more likely received disclosure. Informal living conditions more often lack waterborne sanitation, are more densely populated and lack privacy required to support the disclosure process.
A limitation of our study was the reliance on medical records for viral load and CD4 count results. In addition, the questionnaire did not include topics like experience with or perspectives on disclosure. Literature focuses on healthcare providers' perspective 30, 31, 32 or caregivers' perspective. 12, 14, 22, 33 The child's perspective on disclosure is rarely or not studied at all. A strength of our study was that our interviews included all children aged 5 years or older when addressing their HRQoL. Although we suggest doing similar research in other settings to ensure generalisability of the data, another strength of this study was the reasonable sample size.
Conclusion
This cross-sectional study shows a low proportion of children knowing about their HIV status. Older age of the child was strongly associated with disclosure. We found a less stringent need for caregivers to disclose the child's HIV status to the child when ART was tolerated well and no condition-related difficulties were experienced (e.g. high HRQoL for both the child and the caregiver and family activities not affected by chronic disease). Well-functioning families, with caregivers who received higher level of education and children from households with better SES, provided an environment enabling and promoting disclosure of the HIV status to the child. Disclosure can only be beneficial when there is a supportive social structure. Non-disclosure can indicate a sub-optimal social structure, which could negatively affect adherence and viral suppression. In order to successfully address disclosure, the complex social context needs to be taken into account. When families are in a good space, there is no pressing need to start the disclosure process. However, these circumstances positively enable the disclosure process. Targeting these families for disclosure interventions and the support of families to reach such an enabling environment can therefore be especially successful.
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